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ABSTRACT 

An investment cast alloy of base composition Co-35W- 
I " ...- ~ __..--- 

3Cr-0. 1B was used to study the intera  in 
I_ 

-_-_ ~ ~ -___ " _-. I_ 

_-.I-- 

determining s t ructure  and stress rupture properties at 1850O F in ______--__ .,. - 1_ ___-I_" 4.------ -- - - - - -*" - . . - . -~~-~.~ 

air. 

The atomic ratio of T i  plus Zr  to C affected both the 

type and morphology of the second phases that formed. A s  the 

ratio increased f rom 0 to approximately 1/2, a continuous net- 

work of MgC carbides with increased MC carbides occurred; 

above 1 / 2  to 1 the M C network was broken up, the particles 

becoming rounder and more  equiaxed, and a n  increasing percent 

6 

of MC carbides formed; and above 1, MC carbides and a new phase 

were  observed. 

The atomic ratio of T i  and Zr  to C a lso  affected s t r e s s  

rupture properties considerably. 

with a ratio of .76.  

0. 1B with additions of 1Ti-1Zr-O.5C and 2Ti-2Zr-1C had stress 

Optimum resul ts  were obtained 

Two alloys based on this ratio, Co-35W-3Cr- 

rupture l ives which compare very favorably with commercial Co- 

base alloys. 

a 



INTRODUCTION 

In a previous phase of r e sea rch  at Case on "Modified 

Eutectic Alloys for  High Temperature Service" under NASA Grant 

NsG-639, considerable attention was devoted to a Co-35W base 

composition (1). The beneficial influences of Ti, Zr, C and Cr  

were established; however, Mo, V, Ta  + Nb and N2 additions failed 

to produce this improvement. 

ment of several  Co-35W base alloys exhibiting excellent s t r e s s  

rupture behavior in air at 1850OF. 

cribed in  detailed form (1). 

This work resulted in the develop- 

These results have been des-  

An additional limited study was conducted on the inter-  

action of Ti, Z r ,  and C in a base alloy of Co-35W-3Cr-0. 1B. 

The resul ts  of this work were not available for inclusion in the 

second annual repor t  for the contract period May 1965 to June 

1966 and a r e  being presented he re  as a supplement to that investi- 

gation. 
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I, 

PROCEDURE 

The nominal compositions of the Co-35W-3Cr-0. 1B base 

alloys investigated a r e  listed in Table I. These alloys werevaccum 

induction melted and poured under a pressure  of 1/2  atmosphere of 

argon into ceramic investment molds to produce cas t  to size s t r e s s  

rupture specimens. 

described in detail in the second annual report  (1). 

The melting and casting procedure has been 

Constant load s t r e s s  rupture tes ts  were  conducted in air 

Both ductility, as reduction in a rea ,  and rupture life at 1850'F. 

were determined in these tests. 

Metallographic examination was performed on both as 

cas t  and tested s t r e s s  rupture specimens. 

polished s t ructures  were  etched with a modified F r y ' s  etch con- 

sisting of 50cc HC1, 25cc HN03, l g r a m  CuClz - 2H 0, and 150cc 

HZO. 

The mechanically 

2 

-2-  



i '  

RESULTS AND DISCUSSION 

Microstructural Considerations 

Figures 1-9 show the microstructures of alloys ca s t  to 

determine the specific influence of Ti, Z r  and C on the cas t  

s tructure and properties of a Go-35W-3Cr-0. 1B base alloy, 

micrographs marked "after-testing' '  a r e  of samples cut f rom the 

gage length of specimens tested in air at 1850'F and 20,000 psi 

initial load. The structure of these alloys etched more readily 

and for this reason these s t ructures  usually appear darker. 

atom ratio of the Ti  + Z r  to C added was shown to have a major 

influence on both the types and morphology of phases which occur- 

Photo- 

The 

red in the a s  cas t  structures. 

of the M6C carbide,  Co3W3C or  yI 

pattern, formed when only C was added to the base alloy, as 

shown inFigures  1 and 5. 

s imilar  in the two alloys, with the volume percent of the carbide 

phase increasing approximately 50% as the C level was raised 

f rom 0. 5 to 1. The considerably finer dendritic s tructure for the 

0. 5C alloy resulted because of the lower pouring temperature for 

this heat, 150'F superheat compared to the usual 300'F. With 

the addition of Ti, Z r  and C in a rat io l ess  than approximately 0. 5 

A continuous interdendritic network 

phase in a "Chinese script"  

The morphologies of the M C were 6 
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as exemplified by the alloys with 2Zr-  1C and 2Ti- lC, Figures  6 

and 7 respectively, the M C network is still continuous though 

reduced in  volume. The MC's have formed in varying amounts 

and are present in greater  amounts in  the 2Ti-1C alloy with a 

ratio of 0. 5 than in  the 2Zr-1C alloy with a rat io  of 0. 26. 

6 

By increasing the ratio beyond 0. 5, the M6C network is 

partially o r  completely broken up. 

2Zr-0. 5C alloy, the M C particles are only partly dispersed, 

Figure 2 .  

Figure 8 and the 2Ti-2Zr-1C alloy in Figure 9, the M6C network 

is completely broken up with faceted particles of the MC carbides 

randomly mixed with the fine, equiaxed M C carbide particles. 

The only differences between the two s tructures  a r e  the slight 

increase in  the volume percent of second phases and the larger ,  

At a rat io  of 0. 53 for  the 

6 

At a rat io  of 0.76, a s  for the 1Ti-1Zr-0. 5 6  alloy in 

6 

more  idiomorphic MC particles in  the latter alloy. 

If the ratio is increased still further to a stoichiometric 

addition of T i  + Z r  to C of 1, as illustrated by the 2Ti-0. 5C alloy 

shown in Figure 3, the s t ructure  has a very high percentage of 

MC carbides and only a few random particles of a third phase that 

is assumed to be the M C. 

approximately 1. 5 for  the 2Ti-2Zr-0. 5C alloy shown in Figure 4, 

a la rge  excess of T i  I- Zr exists and a bulky new phase forms,  

With the increase in the ratio to 6 
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probably a (Ti, Zr)Co3 compound (2). 

were smaller  faceted particles, probably MC carbides. 

these phases were not definitely established. 

Interspersed with these 

However, 

At agiven C level the MC carbides will form a t  the exp- 

ense of the M6C carbides, since these a r e  the more stable phase 

thermodynamically. 

would be expected to be considerably la rger  than that for the MC 

phases, the decrease in the volume fraction of the second phases 

observed with an increasing T i  + Z r  to C ratio (see Table 11) at a 

constant C level probably reflects this change in the amounts of 

M C and MC phases formed. 

Since the molar volume of the M C phases 6 

6 

The variation in a s  cas t  grain size of this se r i e s  of alloys, 

a s  presented in Table 11, was very errat ic .  

alloys had a grain size of from 10-15 grains per 1 /4  inch diameter 

for  the 0. 5C alloy was probably due to the lower pouring tempera-  

The majority of the 

ture of this heat; the cause of the very small  grain size of approxi- 

mately 40 grains per diameter for the 2Ti-0.5C could not be 

definitely established. Titanium is known to be a very effective 

grain refiner for certain cas t  s teels  (3) and perhaps, when added 

singularly to this Co-base alloy, it acts  in a s imilar  manner. It 

should also be noted that the grain size of 2-4 and 6-8 grains  per 

diameter for the two heats of the 2Ti-2Zr-1C alloy was slightly 
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coa r se r  than for the other alloys. 

The influence of Ti, Z r  and C on the microstructure of the 

Co-35W-3Cr-0. 1B base alloy after exposure to 1850'F is shown by 

comparing the various "after - te sting ' I  microstructures  . W h e n  the 

M6C carbide was a continuous interdendritic network, Figures  1, 5- 

7, no noticeable precipitation of the Co3W phase was evident in the 

"after-testing'' s tructures.  The amount and coarseness  of the 

Co W precipitation after exposure at 1850'F increased as the 

Ti+Zr to C ratio was increased as indicated by the "after-testing" 

s t ructures  presented in Figures  2-4, 9. The s t ructures  of these 

la t ter  alloys exhibited smaller  amount of M C, la rger  amounts of 

the MC phases and a broken up M6C network. 

s ize  of the carbide phases were  generally unchanged after testing 

at 1850'F. 

to elevated temperatures  is probably caused by the influence of 

T i  and Z r  on the amount of W in solid solution in the Co matrix. 

Without the addition of T i  and Zr, sufficient W is tied up by the 

formation of the M C phase network to lower the W dissolved in the 

matrix below the level at which Co3W will fo rm and precipitate at 

1850'F. 

is continuous. 

the level where the M C carbide network is broken up, i. e., carbon 

3 

6 

The morphology and 

The differences in  response of the matrices to exposure 

6 

This appears  to be t rue  as long as the M C carbide network 
6 

However, when the Ti plus Z r  level is increased to 

6 
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is tied up as MC and the M C does not form in as large quantities, 

the matr ix  becomes supersaturated in W,, and Co3W precipitates 

during testing at 1850OF. 

precipitate with increasing Ti-tZr to C ratio is shown by comparing 

the "after-testing" structures  illustrated in Figures  2-4. 

6 

The progressive coarsening of the matr ix  

The parti-  

cularly heavy precipitation noted in the 2Ti-2Zr- 1C alloy (Figure 9) 

was probably caused in part  by the longer time at elevated temperature. 

S t re s s  Rupture Propert ies  of Co-35W Base Alloys 

The s t r e s s  rupture curves for the various alloys tested a r e  

presented in Figures  10 and 11. Table I11 l i s t s  both time to fracture 

and reduction in a r e a  a t  the different levels of initial s t ress .  The 

calculation of reduction in a rea  was questionable in some cases  

because of the anisotropic nature of the fracture c ross  section or  

extensive oxidation of the t e s t  specimen. 

marked either (a) or  (0) in Table 111. 

These values have been 

The resul ts  of the investigation into the effect of Ti, Z r  

and C additions to a Co-35W-3Cr-0. 1B base mater ial  a r e  presented 

by separating the alloys into two groups by C level: 0. 5C level 

alloys shown in Figure 10 and 1. OC level alloys in Figure 11, 

The two alloys with only C added had the poorest s t r e s s  rupture 

lives, as would be expected f rom the continuous interdendritic 
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carbide network in their microstructui-es (Figures  1 and 5) .  

ugh these alloys exhibited extensive void formation and cracking 

along the full gage length after testing, both had substantial duc- 

tility, approximately 50% reduction in a rea  for the alloy with 0. 5C 

and 20-25yc reduction in a r e a  for the alloy with 1. OC. The large 

reductions in a r e a  for the alloys during s t r e s s  rupture testing i s  

probably caused by the effect of the carbide network on the W con- 

tent and distribution in the Co matrix. 

continuous network of the M6C sufficient tungsten is tied up so Co3W 

cannot form during testing and a low W zone probably exists near 

the matrix-carbide interface. Thus, the matr ix  and particularly 

the interface i s  relatively weak so  extensive deformation and grain 

boundary sliding occurred. 

would also account for the la rger  number of voids and cracks which 

formed during the testing of these alloys. 

Altho- 

With the formation of a 

The extensive interface deformation 

The atomic rat io of T i  + Z r  to C was found to be a more 

significant factor in correlating the influence of alloy content on 

properties than either weight o r  atomic percent of Ti, Z r  and/or 

C added, As the ratio increased the s t r e s s  rupture life increased 

initially, then decreased when the rat io was equal to o r  greater  

than one. 

effect on the type of carbides and morphology that forms. 

The importance of the rat io probably resul ts  f rom i ts  

As the 
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ratio increases  f rom 0 to about 1/2, the continuous network of the 

M C carbide forms in increasingly smaller amounts and finer size, 6 

with a cer ta in amount of MC carbides occurring. 

the 2Zr-1C (ratio-0. 26) and 2Ti-1C (ratio 0. 50) alloys shown in 

Figure 11 il lustrate the influence of these changes in microstructure.  

The properties for  

The modest improvement in properties for the 2Zr-1C alloy above 

those for the 1C alloy is probably caused by the tying up of some of 

the C a s  ZrC. Thus, less M C forms,  more  W is in solid solution, 

so  the matrix and particularly the interface region is strengthened. 

Further  improvement in properties resulted when more  C is tied up 

in the 2Ti-1C alloy. 

temperature ductility (reductions in a r e a  of approximately 40-50oJc) 

with void and crack formation along the f u l l  gage length. 

behavior is similar to that observed for the 1C alloy. 

6 

Both of these alloys had substantial elevated 

This 

As the ratio increases  further f rom 1/2  to 1, the M6C 

network is broken, the particles become more  rounded and equi- 

axed and appear in  decreasing amounts, and the MC carbides incre-  

a s e  in amount and size. 

reflected in  the slightly improved properties for  the 2Zr-0. 5C and 

2Ti-0. 5C alloys at 20, 000 psi, Table 111. 

These changes in  microstructure are 

The analysis of these 

alloys is complicated by the observed accelerated oxidation for the 

2Zr-0.5C alloy, and the very fine grain s ize  of the 2Ti-0. 5 6  alloy. 

J 
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Both these factors tend to lower the s t r e s s  rupture properties of a 

mater ial  by causing premature failures a t  lower s t r e s s  levels, and 

longer testing times. Thus, the improved life of both these alloys 

a t  the higher s t r e s s  of 20, 000 psi is nullified a t  the lower s t r e s s  of 

15,000 psi and the slopes to their s t r e s s  rupture curves a r e  steeper,  

Figure 10. 

stoichiometric amount needed to form the MC carbides, a new phase 

fo rms  which weakens the material. The detrimental effect of excess 

At still higher ratios,  with T i  -k Z r  in excess of the 

T i  + Z r  i s  shown by comparing the s t r e s s  rupture curve of the 2Ti- 

2Zr-0. 5C alloy (rat io 1. 53) with that of the standard 1Ti-1Zr-0. 5C 

(rat io . 7 6 )  in Figure 10. 

A ratio slightly l e s s  than one appears to be optimum judging 

by the excellent properties of the standard and Co-35W-3Cr-ZTi-ZZr- 

IC-0. 1B alloys, both with ratios of 0.76. The better properties of 

the lat ter  over the former shows the effect of increased amounts of 

Ti, 

s t r e s s  rupture life further. 

because the structure becomes overloaded with carbides and the 

oxidation ra te  increases  a t  higher T i  and Z r  contents. 

Z r  and C and indicates that stil l  l a rger  additions might increase 

A point of diminishing returns exists 

The s t r e s s  rupture properties of the Co-35W base alloys 

developed in this study a r e  compared with a number of commercial 

Co-base alloys in Figures  12 and 13. The best alloy developed, 

J 
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Co-35W-3Cr-2Ti-2Zr-1C-0. 1B compared favorably with commer-  

cial alloys of this type when compared on a strength to weight 

basis. 



SUMMARY 

Using a base alloy of Co-35W-3Cr-0. lB, i t  was found that 

the atomic ratio of T i  + Zr  to C determined both the type and mor-  

phology of the second phases that formed. 

from 0 to approximately 1/2, a continuous network of M6C carbides 

with increased MC carbides occurred; above 1 /2  to 1 the M6C 

network was broken up, the particles becoming rounder and more  

A s  the ra t io  increased 

equiaxed, and a n  increasing percent of MC carbides formed; and 

above 1, MC carbides and a new phase were observed. 

The atomic ratio of T i  and Zr to C a lso  affected s t r e s s  

rupture properties considerably. 

with a rat io  o f .  76. 

0. 1B with additions of 1Ti-1Zr-0. 5C and 2Ti-2Zr-1C had s t r e s s  

rupture lives which compare very favorably with commercial Co- 

base alloys. 

Optimum resul ts  were  obtained 

Two alloys based on this ratio, Co-35W-3Cr- 
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TABLE I 

NOMINAL COMPOSITION OF ALLOYS INVESTIGATED 

(Weight Percent) 

Co-35W-3Cr-0.5C-0. 1B 

Co-35W-3Cr-2Ti-0. 5C-0. 1B 

Co-35W-3Cr-2Zr-0.5C-0. 1B 

C0-35W-3Cr-2Ti-2Zr-0.5C-O.lB 

Co-35W-3Cr-1C-0. 1B 

Co-35W-3Cr-ZTi- 1C-0.1B 

Co-35W-3Cr-2Zr-lC-O.lB 

Co-35W-3Cr-1Ti-1Zr-0.5C-0. 1B 

Co-35W-3Cr-2Ti-2Zr-1C-0. 1B 
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TABLE I11 

RESULTS O F  STRESS RUPTURE TESTS IN AIR AT 1850’F 

Alloy Composition 
(Nominal-Wt. %) 

Initial Time to Reduction in 
S t ress  F r ac tu r e  Area  

psi  Hours Percent  
.I. 

Co-35W-3Cr-1Ti-1Zr-0.5C-0. lBTT 15,000 145.2 - (0) 

17, 500 61. 7 - 
20,000 29. 5 - 
22,500 17.6 - 
25,000 11.5 - 

Co-35W-3Cr-0. 5C-0. 1B 15,000 6. 3 51. 8 

20,000 2.0 46. 3 
17,500 3.3 55. 2 

Co-35W-3Cr-2Zr-0.5C-0. 1B 15,000 35.7 89.7 (0) 

17, 500 19.3 69.6 ( 0 )  

20,000 12.0 84.6 (0) 

Co-35W-3Cr-2Ti-0.5C-0. 1B 15,000 31. 3 37.2 
17,500 18. 5 39. 1 
20,000 13. 2 30.9 

C0-35W-3Cr-2Ti-2Zr-0.5C-O.lB 15,000 46.0 18. 2 
17, 500 28. 5 30.8 
20,000 23.0 16. 2 

Co-35W-3Cr-1C-0. 1B 15,000 1.4 
17,500 0.7 
20,000 0.3 
20,000 0.4 

29. 8 
14. 8 
46.0 
15. 1 

Co-35W-3Cr-ZZr-lC-O.lB 15,000 8. 1 40.0 
17, 500 5.4 40.0 
20,000 2.3 23.0 

(A) Anistropic deformation, assumed ellipsoidal f rac ture  c ro s s -  
section 

(0) Heavy Oxidation 
“Average of 5 heats. Heats l isted individually, Table VI (Ref. 1). 
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TABLE I11 (continued) 

Alloy Composition 
(Nominal- Wt. %) 

Initial Time to 
S t ress  Frac tu re  

ps i  Hours 

Co-35W-3Cr-2Ti-1C-0. 1B 15,000 36. 1 
17, 500 12. 8 
20,000 5.8 

Co-35W-3Cr-2Ti-2Zr- 1C-0. 1B 15,000 224.9 
15,000 171.7 
17,500 117. 1 
17, 500 70.7 
20,000 44. 8 
25,000 14.9 

Co-35W-3Cr- 1Ti- 1Zr  -0.5C 15,000 52. 0 
17, 500 29.8 

25,000 8.0 
20,000 20.4 

Reduction in 
Area 

Percent  

55.7 
65. 2 
26.8 

7.0 
2. 5 
4.8 
8.7 

(A) Anistropic deformation, assumed ellipsoidal f rac ture  c r o s s  - 
section. 

( 0 )  Heavy Oxidation. 
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lOOX 

a) As-cast 

lOOX 

b) Tested 

750X 

c) As-cast 

750X 

d) Tested 

Figure 1. Co-35W-3Cr-0.5C-O.lB, from gage 
section of stress rupture specimens. 
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lOOX lOOX 

a) As-cast b) Tested 

c) As-cast 

750X 750X 

d) Tested 

Figure 2. C O - ~ ~ W - ~ C ~ - ~ Z ~ - O . ~ C - O . I B ,  from gage 
section of stress rupture specimens. 
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lOOX 

a) As-cast b) Tested 

lOOX 

c) As-cast 

750X 750X 

d) Tested 

Figure 3. C O - ~ ~ W - ~ C ~ - ~ T ~ - O . ~ C - O . ~ B ,  from gage 
section of stress rupture specimens. 



a) As-cast 
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lOOX lOOX 

b) Tested 

750X 750X 

c) As-cast d) Tested 

Figure 4. Co-35W-3Cr-2Ti-2Zr-0.5C-O.lB, from gage section 
of stress rupture specimens. 



lOOX 

a) As-cast 

-24-  

lOOX 

b) Tested 

c) As-cast 

750X 750X 

d) Tested 

Figure 5. Co-35W-3Cr-lC-O.lB, from gage section 
of stress rupture specimens. 
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lOOX lOOX 

a) As-cast b) Tested 

6) As-cast 

750X 750X 

d) Tested 

Figure 6. Co-35W-3Cr-2Zr-lC-O.lB, from gage 
section of stress rupture specimens. 

J 
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a) As-cast 

l O O X  l O O X  

b) After-testing 

c) As-cast 

7 5 0 X  7 5 0 X  

d) After-testing 

Figure 7 .  Co-35W-3Cr-2Ti-lC-O.lB, from gage 
section of stress rupture specimens. 
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lOOX 

a) As-cast 

lOOX 

b) After-testing 

750X 

c) As-cast 

750X 

d) After-testing 

Figure 8. Co-35W-3Cr-lTi-lZr-0.5C-O.lB, from 
gage section of stress rupture specimens. 
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l O O X  lOOX 

a) As-cast b) After-testing 

750X 750X 

c) As-cast d) After-testing 

Figure 9 .  C O - ~ S W - ~ C ~ - ~ T ~ - ~ Z ~ - ~ C - O . ~ B ,  from gage 
section of stress rupture specimens. 
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